Abstract: Work at unconventional hours can have both long and short term consequences. Shift workers are often required to perform their duties at times that are not favoured by the body's endogenous clock, or circadian pacemaker. A typical night shift worker, for example, may report reductions in alertness and performance during shifts, or significant difficulty attaining sleep of recuperative value in the day, all the while being more likely to develop health complications. The study of circadian physiology has significantly contributed to our current ability to aid the shift worker deal with atypical schedules. We discuss the usefulness of light treatment as a countermeasure for maladaptation to atypical work schedules.
Shift work has been associated with a number of health problems including cardiovascular disease, impaired glucose and lipid metabolism, gastrointestinal disorders, reproductive difficulties, and breast cancer [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Even workers who are generally satisfied with their atypical work schedules will have demonstrably incomplete circadian adaptation of physiological rhythms of 6-sulfatoxy-melatonin, plasma melatonin, cortisol, and thyroid stimulating hormone (TSH) [12] [13] [14] [15] [16] [17] [18] [19] [20] . Prior studies suggest that shift work can be associated with disturbed metabolism of carbohydrates and lipids that could increase the risk of cardiovascular diseases [9] [10] [11] . An inappropriate alignment between the endogenous biological clock and the work schedule can substantially contribute to the observable on-shift troughs in vigilance [21] [22] [23] [24] and the fragility of sleep [25] [26] [27] particular to night work. Sleeping at inappropriate circadian phases as in shift work often results in an unwelcome abbreviation of the daytime sleep episode 28, 29) . This is not surprising since the structure of sleep is dependent on a complex interaction of circadian phase and sleep/wake dependent processes.
In normal individuals living on a day-oriented schedule, it is hypothesized that a harmonious relationship between homeostatic and circadian processes serves to promote uninterrupted bouts of 8 h of sleep and 16 h of wakefulness per day 30, 31) . When sleep is displaced, the normal phase relationship between the sleep/wake cycle and the endogenous circadian pacemaker is perturbed, which can lead to substantial deterioration in sleep quality and duration 32) . As a result, day sleep in shift workers is often measured as 1-3 h shorter than night sleep on days off, or on day and evening work schedules 27, [33] [34] [35] [36] [37] . Working on irregular schedules can involve acute sleep disruption in the form of extended waking episodes (often just preceding a first night shift), in addition to chronic sleep disruption resulting from circadian misalignment to the sleep/wake schedule.
Hormonal rhythms are influenced by circadian and sleep/ wake-dependent processes to varying degrees. Work on atypical schedules can disturb hormone secretion by disrupting these processes. For instance, sleep/wakedependant processes substantially affect growth hormone (GH) and prolactin (PRL) secretion since these hormones are primarily regulated by homeostatic processes. The major peak of GH secretion is normally observed around sleep onset [38] [39] [40] [41] [42] [43] [44] , even when the sleep episode is delayed 42, 45) . Sleep exerts a strong stimulant effect on PRL secretion [46] [47] [48] [49] , and peak PRL levels are observed during the later part of the sleep episode 47, 50, 51) . A rapid shift in a typical worker's bedtimes will be readily accompanied by a comparable shift in the secretory rhythms for GH and PRL 52, 53) . Thus, following a week of night shift work, peak GH and PRL levels occur in the daytime sleep episode, just as they do in the night sleep of day-active controls 12) . Other hormones, such as TSH are influenced by both the circadian pacemaker and the timing of sleep. TSH levels start rising late in the evening prior to the regular bedtime and reach peak levels at night [54] [55] [56] . TSH levels then progressively decline during sleep and reach minimal values at the end of the night. Sleep is presumed to have an inhibitory effect on TSH secretion. Disruption in the rhythm of TSH secretion has been observed in shift workers. Namely, TSH levels on the first day of daytime sleep may be greater than would normally be observed during a nocturnal sleep episode 52, 57) . During daytime sleep episodes following a week of night shift work, one may observe some adaptation of the TSH rhythm, including a rapid descent in plasma TSH concentrations during sleep and a rise in TSH levels during the work period 12) . Hormones such as cortisol and melatonin are more strongly influenced by the endogenous circadian pacemaker, and are thus typically misaligned in workers with atypical work schedules. Cortisol levels reach their minimal values early in the night and their maximum values around the regular time of awakening [58] [59] [60] [61] . Melatonin also exhibits a robust and significant circadian variation [62] [63] [64] . Its levels peak at night during the middle of the sleep episode and are undetectable during the day 63, [65] [66] [67] . A lack of entrainment, or circadian adaptation, of melatonin and cortisol rhythms to a nightoriented schedule is reported in a number of studies despite the number of shifts worked 13-15, 17, 68) . In these cases, cortisol and melatonin secretion continue to peak in the early morning hours and at night respectively, as normally dictated by the circadian pacemaker, despite the significant change in the sleep/wake schedule. In shift workers, cortisol levels are significantly higher during daytime sleep episodes than during nocturnal sleep in workers keeping a regular daytime schedule 12) , and the change in cortisol levels achieved during daytime sleep is smaller than that observed during nighttime sleep 41) . Furthermore, cortisol levels are lower during nighttime waking episodes in shift workers than during daytime waking episodes in day workers 12) . The accumulation of sleep debt over a number of consecutive night shifts worked may in turn also result in elevated basal cortisol levels 69, 70) . Evidence has been presented that some shift workers may spontaneously adapt, or show various states of partial circadian adaptation, following night work 14, 15, 71) . Partial adaptation of the rhythm of melatonin secretion has been reported in shift workers, with large interworker variability 72) . A study of 24 nurses working in cardiac emergency wards showed that during the first five night shifts, the circadian rhythm of cortisol secretion is still adjusted to a day-oriented schedule, with increased concentrations in the morning and decreasing levels at the end of the evening 15) . In workers who adapted to the night schedule, this pattern was reversed after the fifth night. In a separate study, Axelsson and colleagues reported a decrease in morning cortisol levels in middle-aged men on rapidly counter-clockwise rotations 73) . Similarly, morning cortisol levels were significantly reduced in obstetrics residents after night shifts, whereas afternoon levels were normal or high 74) . These studies all indicate the heterogeneity of circadian adaptation to night shift work where progressive reduction of morning cortisol levels is consistent with some degree of circadian adaptation to a night oriented schedule 15, 75) . Adaptive phase delays of cortisol and melatonin rhythms to an atypical work schedule are possible 76) and are influenced by the pattern of light and darkness exposure 17, 75, [77] [78] [79] [80] [81] [82] [83] [84] . The pattern of light exposure in night shift workers who spontaneously adapt to the shift work schedule are notable for the stability of sleep times 13) , limited exposure to bright sunlight in the morning 17) , brighter light during shift hours combined with sleep times in darkness 81) , and limited exposure to light throughout the day in Antarctic studies 85) . In particular, shift workers displaying adapted rhythms of salivary cortisol over a series of consecutive night shifts also reported stable morning sleep times 15) . These observations are consistent with the sensitivity of cortisol and melatonin rhythms to light-induced phase shifts, even at lower illuminance levels 66, 84, [86] [87] [88] [89] [90] . Several countermeasures to the difficulties incurred in shift work have been suggested. A frequently used approach is one involving the strategic planning of naps in order to improve alertness and performance [91] [92] [93] [94] [95] [96] . This approach is efficient in rapidly alleviating sleepiness at night, however it can negatively impact the quality of the subsequent sleep episode while its beneficial effects may be undermined by the phenomenon of sleep inertia. Other suggested countermeasures include alerting devices 97) , exogenous melatonin for the promotion of sleep 80, 89, [98] [99] [100] [101] , and caffeine 
Resetting Effects of Light on the Human Circadian Pacemaker
Experimental evidence indicates that the period of the endogenous circadian pacemaker is slightly longer than 24 h [105] [106] [107] [108] [109] [110] [111] . A phenomenon called circadian entrainment operates each day in order to maintain a stable phase position between the endogenous circadian pacemaker and the environment. This phenomenon implies that synchronizers from the environment (cycling with a 24 h period) force the organism (cycling with a period that is slightly longer than 24 h) to adjust its oscillations to those of its geophysical world. In most animal species, including humans, light is the most powerful synchronizer of endogenous circadian rhythms. It is well known that the endogenous circadian pacemaker of humans responds to light in a way that is much like what was observed in other organisms [112] [113] [114] [115] [116] [117] [118] [119] [120] [121] . Indeed, the phase response curve (PRC) to light is very similar across most animal species [118] [119] [120] [121] . Namely, bright light exposure late in the evening delays the circadian oscillation to a later phase position, whereas, bright light exposure early in the morning advances the circadian oscillation to an earlier phase position. Bright light exposure administered in the middle of the day has minimal but measurable effects, consistent with what is reported for diurnal species 116) . The report of very large phase shifts (8-12 h) after exposure to a 3-cycle, 5-h bright light stimulus (9,500 lux) centered close to the endogenous temperature nadir 112, 115) was proposed as evidence that the human circadian system is a complex oscillatory system that requires at least two parameters to be modeled, namely phase and amplitude. Such a system is able to demonstrate what has been called strong Type 0 resetting (until then only observed in lower animal species) when the strength of the stimulus is increased to critical levels. In this model, the larger phase shifts occur subsequent to a substantial reduction of the amplitude of the circadian oscillation. Meanwhile, weaker stimuli can elicit smaller and progressive phase shifts in the same oscillatory system (termed weak Type 1 resetting). In fact, phase resetting in humans using a single 2-7-h pulse of bright artificial light (2,500-10,000 lux), reveals a PRC that is consistent with weak (Type I) resetting [118] [119] [120] [121] . Recent evidence, gathered in blind patients and sighted subjects, indicate that non-photic synchronizers, whether they are the rest-activity cycle, exercise, or daily activities such as food intake or social interactions, can contribute to the entrainment of the human circadian system to its geophysical environment 108, 117) . Nevertheless, these synchronizers are much weaker than the light/dark cycle and their effect cannot be totally dissociated from that of very dim light exposure 106) . There is evidence to suggest that the capacity to consciously perceive light is a distinct phenomenon from the capacity of the light to entrain the circadian pacemaker. While a number of blind persons report cyclically recurring sleep difficulties, there exists a proportion of this population that remains entrained to the light-darkness schedule 105) . Admittedly, a number of these may have a circadian period that very closely approximates 24 h such that they may be more susceptible to entrainment by non-photic signals 108) . However, in a study of 11 blind subjects, Czeisler and colleagues reported definitive evidence of the responsiveness of the circadian pacemaker to light 122) . Each was tested for the ability to demonstrate light-mediated suppression of melatonin secretion at the level of the eye, and three patients demonstrated melatonin suppression that was indistinguishable from that of subjects with normal sight. Similarly, Ruberg and colleagues examined melatonin suppression in individuals with color-vision deficiencies and found that melatonin suppression was similar to that of normal subjects, notwithstanding the diagnosis of color blindness (e.g. protanopia, deuteranopia) 123) . Studies performed on mice lacking rods and cones have demonstrated that phase shifts of locomotor activity 124) and melatonin suppression 125) occur much like they do in wild-type animals. Taken together, this evidence has been taken to support the notion that the effect of light on the circadian pacemaker may be mediated by a new type of photoreceptor in the eye. New studies have sought to characterize this potentially novel photoreceptor by the characterization of the specific spectral sensitivity of the human circadian pacemaker to light. Brainard and colleagues performed a series of experiments testing the efficacy of light of a number of specific wavelengths (from 420 to 600 nm) in the suppression of melatonin at times during which we would expect a potent suppressing effect for broad-spectrum bright light 126, 127) . They demonstrated that while each of the specific monochromatic light stimuli generated some melatonin suppression with a non-linear irradiance-dose response relationship, the capacity for melatonin suppression was not equal for all wavelengths tested, and the maximal spectral response could be generated with light of ~464 nm. Thapan and colleagues, who simultaneously published an action spectrum for melatonin suppression in humans, took the effect of wavelength filtering by the lens and the macula pigment into account and concordantly found that melatonin suppression was most effectively generated with monochromatic light of ~459 nm 128) . The capacity of appropriately-timed short-wavelength light to delay the onset of salivary melatonin secretion (497 nm in 129) ) has been demonstrated. Further, appropriately timed short wavelength light (with 2 peaks in the transmission spectrum at 436 and 456 nm) could produce advances in the acrophase and the offset of the plasma melatonin rhythm that were comparable to broad -spectrum light of a much higher irradiance 130) . Similarly, when photon density is controlled in addition to irradiance levels, larger phase shifts and more consistent melatonin suppression is obtained with monochromatic light at 460 nm when compared to light of 555 nm 131) . Altogether, these data suggest the implication of a specific wavelength responsive photopigment in the entrainment of the circadian pacemaker. More importantly, they may in fact suggest that careful selection of the type of light stimuli can more efficiently evoke changes in circadian phase 132) . Recently, Kronauer proposed a revised model for the resetting effect of light that integrated new experimental data 133) . This model is based in part on experiments comparing the effects of continuous and intermittent bright light stimuli (~9,500 lux) over a ~5-h period. In a first intermittent light stimulus group, bright light exposure was regularly interrupted by 44 minutes of continuous darkness. In the second intermittent stimulus group, intervening darkness segments lasted 19.67 min 134) . The results of these experiments led to the addition of two elements to the previous model describing [1] the necessary duration of a light stimulus required for the maximal effect on the circadian pacemaker, and [2] the maximal amount of darkness that can interrupt a light pulse without substantially impairing the response of the circadian pacemaker. In practical terms, these revisions mean that within a light therapy session, exposure to bright light could be continuous for 5-10 min and interrupted by up to 30-80 min in and still achieve a significant resetting response 133) . This dynamic model of the resetting effect of light on the human circadian system implies that field interventions can be effectively designed to treat circadian misalignment to shifted schedules despite intermittent access to phototherapy lamps.
Bright Light Technology in Managing Shift Work Problems
Bright light has been proposed as a countermeasure to physiological maladaptation to shifted sleep/wake schedules based on a number of previous laboratory investigations 84, 120, [135] [136] [137] [138] [139] [140] [141] [142] [143] [144] (Fig. 1) . Doses of bright light administered at the beginning of the shift period have ranged from 6 h of very bright light (~5,000-12,000 lux) to more moderate bright light (~1,230-2,000 lux), in short or intermittent segments. Phototherapy sessions are generally scheduled 3-6 h prior to the expected nadir of the core body temperature cycle in order to produce significant delays in the body temperature, plasma melatonin, plasma cortisol, and subjective alertness rhythms in simulated shift work experiments 80, 84, 135-139, 141, 142, 145-147) . The percentage of subjects who adapt completely to night shifts increases with the intensity of light exposure during the night 139) . Interestingly, a correlation was observed between the magnitude of lightinduced phase shifts and the chronotype 139) . Namely, larger phase shifts were observed in subjects with greater eveningness scores and later temperature minimum. In a recent study, it was found that subjects presenting late temperature minimum completely reentrained to night shifts regardless of the intervention 146) . Since the precise determination of the endogenous temperature minimum is not always feasible in the field, an approach consisting of starting the light exposure early at night and progressively delaying it over successive days has been used to reduce the risk of counterproductive phase advances 139) (Fig. 2) . A bright light pulse delaying by 2 h each day was also used to adjust subjects to a 26-h schedule 148) . Prior studies clearly demonstrated that the timing of bright light and the timing of the sleep/darkness episodes contribute to the circadian adaptation of salivary melatonin and temperature rhythms to simulated night work in a cumulative manner 84, 139) . These observations are consistent with the observation that the timing of background room light can modify not only the magnitude but also the direction of bright-light induced phase shifts in humans 111) . A specific resetting effect of sleep/darkness pulse, independent of the timing of room light, cannot be totally excluded since this can influence light-induce phase shifts 149) . The shielding from morning sunlight, by wearing dark goggles, can also elicit adaptive phase delays independently of bright light exposure at night 141) . Nevertheless, the combination of bright light at night and morning goggles during the day induces the greatest phase delays 141, 146) and can significantly improve daytime sleep quality 150) . Field studies on the night shift worker population support the efficacy of bright light treatment during the night shift 82, 83, [151] [152] [153] , although some negative results have been reported 77) . Faster circadian adaptation of urinary 6-sulfatoxy-melatonin in the winter was reported with bright light in personnel working on Antarctic British Survey Base 85) . Bright light (~2,500-3,000 lux) has been used to promote the reentrainment of plasma melatonin rhythms and improve subjective sleep quality following night shifts 86, 152) . Delaying pulses of bright light exposure at night, generally combined with 8-h daytime sleep in total darkness, have been used to successfully delay the circadian rhythms of melatonin and cortisol in astronauts, reduce their night time secretion of melatonin, and prepare them for launch 76, 153, 154) . Progressive delaying pulses of bright light at night and bright light exposure in the early afternoon on days off was used in workers on an oil platform in the North Sea 152) . This approach led to significantly improved ratings of adaptation to night shifts and faster readaptation on days off. Spontaneous and progressive adaptation to night shift was reported in certain workers after 5 shifts on the platform 155) . Similar observations were reported for oil workers on rotating shifts 156) . It is possible that these results could be explained by the minimal exposure to sunlight in the morning and dark bedrooms during daytime sleep. Indeed, nurses working permanent nights who presented adaptive phase delays also tended to expose themselves to light more in the evening and night and less during the day than non-adapted nurses 81) (Fig. 3 ). These observations provide applied evidence that the diurnal pattern of exposure to light and darkness is a key factor affecting circadian adaptation to night shifts.
Not all field studies support the use of bright light for shift workers. Levels of adaptation in thirteen industrial workers on a 16-d work cycle rotation (4 d shifts, 4 d off, 4 night shifts, and 4 d off ) while they worked in a bright light environment were compared to that while they worked in their standard indoor room lights 77) . In the treatment condition, they were exposed to bright light at least 50% of their work time for approximately 3 months. Under this bright light condition, the diurnal rhythm of alertness remained unchanged, although workers reported an improved ability to stay awake at night. No change in daytime sleep duration was noted, however its quality was perceived as better when compared to the normal lighting condition. If ,000 to 12,000 lux). This figure represents data from one subject. The study protocol is shown in middle panels. Solid bars indicate daily sleep episodes. Subjects maintained stable sleep/wake schedules before the start of simulated night shifts. Following night shifts, subjects returned home to sleep, where workers from the treatment condition were given the instruction to remain in the dark from 09:00 to 17:00. Evaluations of circadian phase were performed before and after the simulated night shifts using the constant routine procedure (open bars). During constant routines, subjects maintained limited activity levels while in a dimly lit laboratory suite. Core body temperature was recorded throughout the procedure, and was used to assess circadian phase. Core body temperature recorded before and after simulated night shifts is shown in upper and lower portions of panels. To facilitate visual comparisons, segments of the temperature data have been double-plotted. Circled x's and dashed vertical lines represent circadian phase as the time of the fitted minima of the temperature rhythm. Phase shifts in the time of occurrence of the endogenous temperature minima are shown for each condition. Reproduced from 135) with permission.
workers in this study were exposed to light at the same time of day, regardless of their prior work schedule and circadian phase, variability in outcomes may be expected. There was also substantial overtime in all workers throughout the study which may have further increased variability in the pattern of light exposure throughout the day.
One major complaint in the prior study was difficulty readjusting to days off in the workers exposed to the bright light condition. Less than 50% of night workers reported adjusting to days off within two days in the bright light condition compared to more than 80% in the standard light condition. This is consistent with the observation that greater circadian shifts from baseline are associated with shorter night-time sleep episodes on days off 138) . However, a recent study of operators in a truck production plant in Sweden revealed a beneficial effect of bright light on reducing sleepiness and melatonin levels during night shifts, and no detrimental effects on sleep on days off 157) . In a previous investigation 75, 82) , we demonstrated that an intervention combining intermittent exposure to bright light The core body temperature recorded from experimental subjects in a simulated shift work paradigm. As represented by the upper panels, the subject was exposed to bright light (~5,000 lux) on a schedule designed to facilitate an adaptive delay of the circadian pacemaker. The 3-h period of bright light exposure began at the beginning of the first night shift (narrow shaded area in upper leftmost panel). On every subsequent shift, the start of the light pulse was delayed by one hour, until the light pulse ended at the end of the shift. Lower panels show temperature data from a subject who was consistently exposed to the 3-h bright light pulse at the end of the shift (narrow shaded area in lower leftmost panel). Temperature data were demasked and double plotted. Thin horizontal lines indicate temperature readings below the daily mean. Double-plotted rectangles show the scheduled sleep/darkness episodes with one set shaded to emphasize the direction of the sleep/darkness shift (shaded areas in rightmost panels). The single rectangle from days 8-15 surrounds the time of bright light exposure. The triangle on day 7 marks the average fitted temperature minimum from the last 5 d of baseline. Mean phase shifts in the presence of the facilitating bright light pulse were almost twice the magnitude of those measured in the group receiving light exposure at the end of the simulated shift. Reproduced from 139) with permission.
Fig. 3. The pattern of light exposure in nurses working night shifts.
Circadian adaptation to the shift schedule was determined for each worker after a series of night shifts (range: 3-9) based on the determination of urinary 6-sulphatoxymelatonin content measured over 24 h. The authors divided workers into three groups (Advanced, Delayed, or Non-shifters) based on observed shifts in the urinary 6-sulphatoxymelatonin rhythm (not illustrated). During night shifts, ambient light levels were sampled using a wrist-mounted light detector. Mean levels of light exposure are illustrated per study group. Asterisks indicate statistically significant between-group comparisons. Reproduced from 81) with permission.
Industrial Health 2005, 43, 34-48 (~2,000 lux), shielding from morning bright light, and a stable diurnal sleep/darkness schedule can promote circadian adaptation in nurses working permanent night shifts (Fig.  4) . Circadian phase was assessed via constant routine procedures before and after a period of ~3 wk of night shifts. The initial constant routine followed a day-oriented vacation period and revealed physiological rhythms well-adapted to day-oriented life. Following the period of night shift work, workers who remained in their habitual light environments displayed a misalignment between the endogenous circadian temperature, melatonin, and cortisol rhythms and their sleep/ wake schedule. In the treatment group, the temperature and salivary melatonin rhythms shifted by -9.32 h and -11.31 h, respectively such that these rhythms were well aligned to the new sleep/wake schedule. The phase angle between circadian markers and the sleep/wake cycle in the treatment group were comparable before and after ~12 night shifts worked over the study period. This indicates a complete circadian re-entrainment with the shifted sleep and work schedule in this group. Moreover, we sampled salivary cortisol from a sub-group of these workers from within the workplace, and our results suggest that appropriate changes in the cortisol secretion occurred more rapidly in the presence of the intervention (for an overall -11.07-h phase delay shift) 75) . This result is in line with those of Hennig and colleagues who also found an appropriate realignment of the cortisol rhythm in the presence of stable sleep/darkness times 15) . They are also in line with reports of more adaptive phase shifts occurring in workers spontaneously adopting regular sleep/darkness episodes 13) . Our results support the validity of Kronauer's new model on the dynamic resetting of the human circadian pacemaker by light 133, 134) since night workers were instructed to expose themselves intermittently to light at night, as their workload allowed them to. This is consistent with studies by Baehr and colleagues 142) who described the phase shifting effect Circadian adaptation to a regular schedule of night shifts was evaluated in a group of nurses with and without an intervention designed to promote circadian adaptation to the work schedule. Treatment group workers were provided an intervention including intermittent exposure to broad -spectrum bright light (~3,243 ± 928 lux) during the first 6 h of each night shift and the use of darkened neutral gray density lenses (15% visual light transmission) while commuting home in the morning. Control group workers remained in their usual lighting environments at work and wore clear lenses during the morning commute home. A typical experimental protocol for each group of workers is shown in leftmost panels. Experimental days are shown along the y-axis, with time of day along the x-axis. Sleep episodes are shown as black bars, night shifts are represented as gray bars, and bright light exposure during night shifts is shown as white areas during night shifts. All workers were required to maintain a regular sleep/darkness schedule including a single 8-h sleep/darkness episode beginning 2 h after the end of each night shift. Circadian phase was assessed before and after ~12 night shifts using the constant routine procedure (hatched bars). Rightmost panels show the result of constant routine evaluations and the alignment of circadian phase markers with the sleep/wake schedule both before and after night shift work (open boxes). Mean times (± SEM) of core body temperature nadir and peak salivary melatonin are illustrated as dotted diamonds and closed circles, respectively (n=8 control group; n=9 treatment group). Mean occurrences of peak salivary cortisol are illustrated for a subgroup of workers (n=5 control group; n=6 treatment group) as open triangles.
of ~5,000 lux light interrupted with room light of < 500 lux in simulated shift work experiments. These observations indicate that sustained periods of intensely bright light are not necessary for resetting the human circadian system. Bougrine and colleagues 158) have also described that circadian adaptation to night work in the presence of bright light may be stable despite the intervening presence of days off. Our results are consistent with this study since the return to a day-oriented schedule on days off did not prevent circadian re-entrainment to night work in our treatment group.
In the night shift worker, circadian adjustment to the work schedule may translate into an increase in sleep duration and quality during the day 16, 159) . Indeed, it has been reported that bright light exposure at night can improve daytime sleep quality and/or efficiency 80, 86, 135, 136, 142, 147, 153, 160) , although ambiguous results have been reported in other studies 145) . Several studies have reported a correlation between circadian phase shift and daytime sleep quality 141) while others may suggest that the relationship is more complex 145, 161, 162) . Interestingly, a study comparing two groups of 15 nurses with mild and severe daytime sleep complaints revealed that having a greater proportion of 6-sulfatoxy-melatonin excreted during daytime sleep was associated with better daytime sleep 16) . It is possible that polysomnographic sleep recordings in the laboratory do not always reflect sleep parameters at home. Interindividual differences in phase tolerance, a term used to describe resistance to the disruptive effect of circadian misalignment, may also contribute to differences observed across study groups.
In addition to its phase shifting effect, light exposure can exert a direct alerting effect which appears to be a function of light intensity 157, [163] [164] [165] . This alerting effect of light may be linked to its melatonin-suppressing effect at night which is also intensity-dependent. Indeed, bright white light (~3,000 lux) administered to healthy research subjects during a night of sleep deprivation results in a significant reduction in sleep likelihood (as measured by the maintenance of wakefulness test) occurring simultaneously with the expected reduction in salivary melatonin levels 166) . Studies of daytime performance following sleep restriction suggest that a 5-h daytime ~1,000 lux stimulus can lead to significant reductions in reported sleepiness and improvements in performance levels, even in the absence of immediate changes to the melatonin profile 167) . In both field and laboratory studies, exposure to bright light at night has been associated with improved performance levels, reduced sleepiness scores, increased vigilance levels as well as an increase in beta and reduction in alpha-theta electroencephalographic activity 150, 157, [163] [164] [165] 168) . Thus, in the context of shift work, bright light may be used for its immediate activating effects just as it may be timed to elicit adaptive shifts of the circadian pacemaker.
Summary
Current protocols support a comprehensive regulation of light and darkness exposure in order to improve circadian adaptation to shift work. Previous investigations have demonstrated that static or delaying bright light pulses during the night shift, the shielding from competitive light sources such as morning sunlight during the morning commute home, the timing of exposure to natural light sources, and the judicious timing of the sleep/darkness episode are important for adaptive circadian phase shifts. The usefulness of bright light presented in the workplace is also supported by a number of investigations on the efficacy of intermittent light exposure for phase resetting and the alleviation of sleepiness scores. 
